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INTRODUCTION

As is the case with most human activities, the production and use of

radioactivity for beneficial purposes also involves the creation of wastes.

These may vary from the completely innocuous, as for example the use of a

few microcuries of a short half-lived activity for a tracer experiment, to

the reprocessing of nuclear reactor fuels in which millions of curies of

long-lived radioactive wastes are generated.

The management of radioactive wastes may be viewed as an application

of the general principles of radiation protection, time, shielding and dis-

tance. In their application, the strategies of radioactive waste management

consist principally of the retention of these materials from the environment

until they have decayed to insignificant levels, and their storage in a

natural or man-made location which provides a sufficient barrier and distance

so as to minimize the radiations that do reach the environment and aun.

As with most other wastes, the diverse nature of radioactive wastes calls

for a variety of management practices. A comprehensive outline of the factors

which should be considered in the management of radioactive wastes, «s enum-

erated by Gorman , is given in Appendix I. They may be summarized brief ely

as:

- specific nature (physical, chemical, radiological), quantity and
origin

- characteristics (physical, chemical and biological) of the receiving
environment

'Research carried out at Brookhaven National Laboratory under contract with
the U. S. Atomic Energy Commission.
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- applicable radiation protection standards, guides or criteria

- public acceptability

Almost from the first awareness of the deleterious biological potential

of radioactivity, there was an accompanying awareness that radioactive mater-

ials could no; be disposed of to the environment promiscuously. This was

certainly so at the time of the Manhattan Project and the advent of nuclear

reactors in the e&rly 1940's. In an early article on the topic published In

1948, Western* ' stated that "much was to be learned" about the problems of

radioactive waste disposal, but also indicated a general recognition of the

above indicated factors.

Much has been learned since that time, and many papers and even several

books on the topic of waste management and/or waste disposal have been pub-

lished, more than can be discussed or even cited in this present consideration.

Among the early books on the subject are an overview on the disposal of

radioactive wastes in 1958 by Saddington and Tempieton* , and one on the

£4)treatment and disposal of radioactive wastes by Amphl*ttv ' published in 1961.

An inclusive discussion of problems ami methods in the management of radio-

active wastes was offered by Mawson' ' in 1965. The topic is also covered

by Eisenbud*" in a book on environmental radioactivity, the second edition

of which was published just this past year.

Several of the International Atomic Energy Agency (IAEA) Safety Series

publications arc relevant, including one on techniques for controlling air

pollution from the operation of nuclear facilities* , management of radio-

active wastes at nuclear power stations , radioactive waste disposal into

the ground • , rivers, lakes and estuaries' , and into the sea* .

Additionally, the IAEA either solely or In cooperation with other organi-

sations with a related interest has sponsored several symposia on she topic.
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ehe proceedings of vhich have been published by the IAEA in its proceedings

series. These include conferences or symposia on the disposal of radioactive

wastes* ' held in Monaco in 1959, on the treatment and storage of high

level radioactive wastes* ' hetd in Vienna in 1962, on practices in the

treatment of low- and intermediate-level radioactive wastes' ' held in Vienna

in 1965, on the disposal of radioactive wastes into seas, oceans and surface

waters held in Vienna in 1966, on the management of low- and interaediate-

level radioactive wastes' ' held in Aix-en-Provence in 1970.

Additionally, papers on radioactive waste management have bean presented

at each of the four international Conferences on the Peaceful Uses of Atonic

Energy' . A bibliography of the recent literature on radioactive waste

processing and disposal , prepared for the Division of Waste Management

and Transportation, United States Atonic Energy Commission (USAEC) is currently

available.

Obviously toe* of this information is redundant and such of it it not

directly pertinent to the direct interests of this Meeting. It is imprac-

ticable to do store than give superficial consideration to the large volume

remaining on this occasion. Those interested in obtaining details should be

able to find a store adequete treatment in one or store of the references.

SAFETY ASPECTS

The detailed list of the factors which should be considered in an

evaluation of the sefety aspects of waste management which appear in Appen-

dix £ offer e useful basis for discussion. The relationship of the physical

and chemical fom of radioactive wastes seems self-evident. Solids in a

radioactive font are obviously store manageable than liquids and/or gases,

especially if the latter arc highly volatile, flammable, corrosive, etc.
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A suggestion of the wide range of types and ranges of radioactive

wastes may be obtained from an indication by Belter' ' that in 1971 there

were over 5,600 establishments that performed operations resulting in the

generation of large amounts of slightly contaminated solid waste materials.

These ranged from the large AEC production sites, to modest commercial and

industrial users of radioisotopes, and down to seal I hospital and university

research laboratories. In addition to chemical precipitates, evaporator

slurries, activated fuel element ends and other hardware, and ion exchange

resins from the processing of intermediate- and low-level wastes, these

included other low hazard potential wastes such as contaminated glassware

and equipment, paper wipes, rags, animal carcasses and filters.

Although sometimes insufficiently appreciated in the public perception,

and even by some within the industry, it is obvious that there is a wide

range in the nature and levels of this radioactivity. It has been useful

to characterize wastes as low-level, intermediate-level and high-level. Al-

though no precise and/or widely agreed upon rules for making such character-

izations are avilable, it is generally accepted that low-level wastes are

those vhich may be released to the environment under controlled conditions

within the applicable radiation protection guides for the protection of the

public. Intermediate-level wastes ate those which require some degree of

dilution and/or treatment before discharge to the environment. High-level

wastes are pretty much confined to those derived from the head end of fuel

processing and containing ~ 99% of the separated fission products and carried

over trans-uranics, which must be treated for long-term storage under

controlled conditions.

The degree of hazard from the release of radioactive waste products to

the environment is largely related to their subsequent pathways (if any) to
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aan. A useful approximation of the relative hazards of those nuclides
(23)

which do reach nan is offered by Table I, taken from a consideration*

by the National Committee on Radiation Protection of the degree of hazard

from absorption into the body of a number of radionuclides.
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Typically, the application of the factors enumerated in Appendix I, when

considered in the light of the nature and quantities of radioactive wastes,

will lead to a choice among three basic management approaches:

1) PHute and Disperse - Although it is widely stated that dilution is

no solution to pollution, a cost-benefit analysis in a real world of finite

economic resources leads to the conclusion that for low concentrations of

act vtty (relative to radiation protection guides) in gaseous or liquid form,

the costs of storage or treatment may be all out of proportion to the bene-

fits. This has bcrtti claimed by some with regard to the current proposals(24)
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of the USAEC, which would sharply reduce the allowable release concentra-

tions from light-water-cooled nuclear power reactors in order to reduce

potential radiation exposures at the site boundary to less than 5 mrem per

year.

2) Delay and Decay - Alternately, especially for smaller volumes of

low- or intermediate-level gaseous, liquid or solid wastes containing nu-

clides of short or intermediate half-lives, holdup for a sufficient time to

permit the decay of all or most of the activity is widely utilized. This is

so even where the wastes might be directly discharged to the environment

without producing radiation exposures above the applicable guidelines, as an

application of the "as low as practicable" philosophy. For example, one

effect of the USAEC Appendix I proposals would be the ion column decontamina-

tion and recycling of many liquid waste streams, which in effect would convert

the contained radioactivity to a compact solid form for off-site disposal by

burial at remote waste burial facilities.

3) Concentrate and Contain - Particularly for the high-level long-lived

wastes originating from the chemical processing of irradiated reactor fuel,

this is the only practicable management practice. Although tanks have largely

been used to date, future plans call for the conversion of most of these

wastes to solid form, for long term aboveground or underground storage.

A typical application of the first two waste management practices is

shown in Figure 1, a simplified flow-sheet of the radioactive waste disposal

at Brookhaven National Laboratory on Long Island in New York State. The

Laboratory is funded by the USAEC and carries on a number of diversified

research programs, each of which presents its own waste management problems.

It is located on a large site in a relatively unpopulated zone, thus allowing



SIMPLIFIED BNL ftAQKMCTIVE WASTE DISPOSAL FLOWSHEET

H9T UMMTOmti

tCWMlUCNTM.
.notifies

IWOI

T*VU

a

HHMKH

Ct4» *.C«

WCtM
KAS>CK-1JU»<

±J.
1130 Slv'HN

»H.T|«

MOMTON'M

T "
MMM
MKen
MTfas

-J

»J

SXIDS
w>auo>

2gV«««cH
•kMM •,

I U«X.I*(

S&S&^JSW

FIGURE 1



-8-

for a considerable dilution in air or liquid effluent streams before they

reach the site boundary.

The dotted lines in Figure 1 refer to gaseous effluent streams to the

atmosphere. It is apparent that all of these streams are passed through

high efficiency filters to remove suspended particulates. Those from re-

actors and radioisotope production laboratories processing irradiated uranium

are also passed through charcoal filters to remove radioiodines. After mon-

itoring to determine the concentrations of the contained radioactivity, they

are discharged from tall stacks to provide dilution prior to reaching ground

level. Recently these air streams have contained somewhat less than 1,000

curies of HTO annually. The boundary concentration has been only about

—11 3 -5
1x10 p-Ci/cm , or 5x10 of the applicable MFC. When the air-cooled graphite

reactor was in operation, it annually discharged about 5x10 curies of 110 min

Ar, and about 2.5 curies of I annually. The annual site boundary exposure

41
due to the Ar was about 50 mrem/year, or about 1/10 of the allowable. The

I concentration, about 5x10 fiCi/cm , or 5xl0~ of the MPC for direct

_2
inhalation (or 2.5x10 of that calculated for the deposition-milk pathway,

but there were no nearby dairy cows).

Air effluent streams containing noble gases and radioiodines constitute

the principal source of exposure to radioactive wastes in the vicinity of

numy U.S. nuclear installations, and in particular nuclear power reactor

stations. The amounts released from selected U.S. power reactors which have

been in operation since 7969 are shown in Table II, along with calculated

values of the maximum dose from the noble gases at the site boundary, and

of the average dose within 4 miles. Also shown are calculated concentrations

of halogens and particulates at the site boundary, which may be conservatively

131
assumed to have consisted principally of I.
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Reactor

BWR

Dresden I

Humboldt

Nine Mile

Big Rock

Releases of
from Selected 1

Noble
Gases
fCi)

8.77xlO5

4.30xlO5

Pt. 5.17xlO5

2.58xlO5

Oyster Creek 8.66x10

TABLE II
Radioactivity in Gaseous Effluents
J.S. Nuclear Power Reactors - 1972<25>

Calculated*
Max. Dose
at Bndry.
(mrem)

20

132

47

4

47

Avg. Dose
Within
4 miles
(mrem)

4.76

3.25

7.50

0.52

2.74

Halogens &
Particulates

(Ci)

2.95

1.78

0.97

0.15

6.48

Calculated**
Concentration
at Boundary
(uCi/cm3)

6.2xl0"16

3.7xlO"16

2.0xl0'16

O.3xlO"16

1.4xlO"15

PWR

San Onafre

Indian Pt.

Conn. Yankee

R, E. Ginna

Yankee Rowe

1.91x10

5.43xl02

6.45xlO2

1.18x10*

1.83X101

17

0

17

5

0

.5

.5

0,70

0.003

0.77

0.26

0.08

0.42

0.93

0.13

0.03

< 0.01

0.9x10

1.9x10

0.3x10

0.1x10

< 0.1x10

-16

-16

-16

-16

-16

* From analogous calculations for 1969 effluents by Gamertsfelder^ .

-8 3
**Based on an estimated dilution factor (i*/Q) of 6.2x10 sec/m , as utilized
in Ref. 26.

It is evident that the doses and concentrations from air effluent releases

from these, power reactors have been small relative to the currently applicable

radiation protection guides. It appears that the effect of Appendix I will be

to reduce them still further.

Researchers at the Laboratory are enjoined to minimize the volume of

liquid waste from their experiments. All facilities that have a potential for

significant amounts or concentrations of liquid wastes are provided with hold-

up tanks. The contents are sampled, and if of low concentration are released
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to the sanitary waste system, where they are diluted by about 4x10 liters

per day of water. After conventional sanitary treatment they are monitored

and released to the headwaters of the small river which drains most of the

Laboratory site.

In 1972, about 6 curies of HTO and 60 mCi of gross beta activity passed

into the sand filter bed secondary treatment, and of this about 5 curies of

HTO and 30 mCi of gross beta activity was found in the outfall to the river.

90 137
The gross beta included about 10% Sr and 10% Cs, and the balance was

much shorter lived fission and activation products, including about 18 mCi

131

of 8 day I in the input to the beds and 5 mCi at the outfall. The con-

centration of HTO in the river was 3.0x10" (xCi/ml, or 1/1000 of the MPC.
—8

The gross beta concentration was 2.1x10 |iCi/ml, or 1.7% of a calculated
90

MPC based on the fraction of Sr.

Some of the contained radioactivity is contained in the sand filter beds

for varying lengths of time, and some passes into the underlying ground water.

To evaluate this, ground water monitoring wells have been installed in the

vicinity of the sand filter beds and in other known or suspected locations

from which radioactivity may penetrate to the ground water.

Liquid wastes in hold-up tanks that are found to be in too high a con-

centration for direct discharge to the sanitary system are piped or conveyed

to a waste evaporator facility, where all but the contained HTO activity is

concentrated into a slurry. The distillate, decontaminated by about 1,000

fold, is then released to the sanitary system.

Within the United States, only in a few special cases, principally having

to do with the national laboratories or production facilitiesv of the

USAEC, have radioactive wastes in liquid effluents been large enough to pro-

duce quantifiable doses in the environment. These have not exceed 50 mrem
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per year to the "critical group" in the exposed population, and are currently

much lower due to the application of "as low as practicable" practices as

well as the cessation of operations within these facilities.

The releases of radioactive wastes in the liquid effluents from the same

selected U.S. power stations in operation since 1969 are shown in Table III.

Detailed environmental studies, summarized^ ' by Kahn et al. at the Fourth

International Conference on the Peaceful Uses of Atomic Energy, indicate

that the environmental doses attributable to these effluents are generally

too small to be quantifiable, and/or less than 1 mrem per year.

TABLE III

Radioactivity in Liquid Effluents from Selected
U.S. Nuclear Power Reactors for 1972(25>

Power
Reactor

BUR

Dresden I

Humboldt

Nine Mile Pt.

Big Rock

Oyster Creek

PWR

San Onafre

Indian Pt.

Conn. Yankee

R. E. Ginna

Yankee Rowe

Mixed Fission and
Corrosion Products

(Curies)

6.76

1.40

34.6

1.09

10.0

30.3

25.4

4.8

3.8

0.02

(% of Limit)

23

0.11

0.43

7.7

0.18

1.5

2.3

0.7

0.002

0.007

Tritium

(Curies) (% <

99

13

28

10

62

3,480

574

5,890

199

803

>f Limit)

0.01

0.002

0.002

0.003

0.002

0.20

0.04

0.23

0.009

0.17

Low-level solid wastes are disposed of at Brookhaven National Laboratory

in a land fill area used for the disposal of a very much larger volume of

conventional wastes. For 1972 this included 28 mCi of assorted nuclides with
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a l ^ < 100 days, 185 mCi with a 100 day < T^ < 5 years, 24 mCi with a T^

> 5 years, and 1.0 Ci of HTO.

Intermediate-level wastes, including the slurry from the Evaporator,

are packaged in concrete vaults and shipped off-site for remote land burial

at a nuclear fuel reprocessing facility and burial ground in western New

York State. In 1972 these wastes totalled 653 curies. In 1972 the total

4
volume of solid wastes so buried in the United States was about 7.7x10 m.

Irradiated reactor fuel is not processed at Brookhaven. Estimates of

the growth of nuclear power and of high level wastes from this source in

the United States, taken from a recent summary article by Schneider are

shown in Table IV. Up to the present, most of these wastes (principally

from USAEC plutonium production) have been stored in tanks. However, current

policies of the AEC call for future private fuel reprocessors of power

reactor fuels to limit such storage to five years, by which time the wastes

must be solidified and shipped to a Federal Repository for long term storage.

Plans for how this may be accomplished by several of the AEC laboratories

are shown in Figure 2.

Obviously, it is intolerable that even a small fraction of the amounts

of fission products, or the accompanying unrecovered trans-uranics (especially

for a fast-breeder reactor fuel economy), become abroad in the environment.

(32)
However, as. observed elsewhere by Starr and Hammond , the volumes are small

enough so that the total amounts created for some thousands of years of nuclear

power generation in the United States could be housed in a large engineered

structure equivalent in size and durability to the great pyramid of Cheops.

In other words, the safe storage of these solid wastes seems within our pre-

i (33)
sent competence. As Weinbergv ' has suggested, the problem is only part

technical; the other part is the moral legacy of this material to future

generations, for which we perhaps need more than technical competence to assess.
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TABLE IV

Estimated Growth of Nuclear Power and High-Level W««te«

Installed electricity, 103 MW(e)

Fuel processed, 10 metric tons/yrt

High-level liquid wastes,
106 gal/year*

Accumulated high-level wastes
As liquid, 106 gal*
As solid, 106 gal**

Accumulated fission products
Weight, metric ton
Beta activity,MCi 2
Heat-generation rate, Mf
90Sr, MCi
137cs, MiCi

1970

6

0.0S5

0.017

0.4

2
,000

0.7
4
5

Calendar

1980

150

3.0

0.97

4.4
0.33

550
19,000

55
960

1,280

- Year

1990

450

9.0

3.3

29
2.1

4.200
103,000

280
5,700
8,000

2000

940

19

5.8

77
5.8

14,000
267,000

730
12,000
20,000

t Based on 33,000 MWd/metric ton.

* At 100 gal/10,000 MWd(t).

**At 1 ft3/10,000 MM(t).
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APPENDIX I

Appraisal of Environmental Hazards in Treatment, Storage and
Disposal of Liquid, Solid and Gaseous Radioactive Toxic Wastes

A. Under Normal Operations; B. Under Abnormal Conditions

Wastes

a. Characteristics -
1. Physical
2. Chemical
3. Radioactivity

b. Quantities
1. Total volume
2. Production rate
3. Radioactivity

c. Treatment facilities -
1. Quantities handled
2. Decontamination obtained
3. Volume reduction

•i

|
i

J
.-;J'

2.

d. Storage facilities -
I.
2.
3.
4.
5.

Location
Size
Materials of construction
Size
Significant features (cooling requirements, leak
prevention and detection, pumps, piping, etc.)

e. Disposal facilities -
1.
2.
3.
4.
5.
6.
7.

Cribs
Pits
Wells
C tfalls
Sewer connections
Stacks
Others

Environmental Conditions

v a. Geology -
| 1. General area information
I 2. Depth of overburden
I 3. Stratigraphy
I 4, Soil characteristics pertinent to plant wastes (exchange
I capacity, size, etc.)

I b. Hydrology - Ground Water and Surface Water -
I 1. General area information
| 2. Elevation of water table
I 3. Direction, rate and nature of underground movement
I of wastes and water
| 4. Effect of other withdrawals or recharge

5. Watershed characteristics
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APPENDIX I (Cont'd)

6. Streamflow - maximum, average, minimum, flow duration.,
turbulence

7. Impoundments
fi. Suspended and bed load characteristics - quantity,

movements, deposition, exchange capacity, etc.
9. Stream biology
10. Seasonal characteristics and effects

c. Meteorology -
1. Regional conditions
2. Surface winds - frequency of direction, velocity by day,

night and with precipitation
3. Winds aloft - above information at various levels
4. Dry bulb temperatures - maximum, average, minimum, monthly

and annual averages, frequency and duration of extremes
5. Precipitation - rain and snow, monthly distribution, average

precipitation hour, days in excess of .01"
6. Inversions - frequency, duration, other characteristics
7. Diffusion: under normal day and night conditions, with in-

versions and low wind velocities
8. Atmosphere dust loads - characteristics of dusts of various

levels, frequency and duration of dust periods
9. Seasonal characteristics and effects

3. Community Conditions

a. Downstream users of ground and surface waters -
1. Distance
2. Quantity
3. Purpose

b. Proximity of Industrial and residential installations -
1. Distance
2. Kind
3. Size

c. Agricultural activities -
1. Grains
2. Livestock
3. Fish

d. Recreation areas -
1. Streams
2. Impoundments
3. Other

4. Evaluation of Dilution and/or Concentration Factors

a. Retention in soils and geologic formations
b. Dilution (or concentration) in streams and surface waters
c. Atmospheric dilution
d. Fall-out studies
e. Increase of dilution by mechanical means

1. Outlet manifolds
2. Increased stack height and/or stack heaters
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APPENDIX I (cont'd)

f. Maximum allowable concentration of contaminant
g. Emergency aspects

5. Public Relations

a. Pertinent laws regulating pollution of underground resources,
surface waterways, the atmosphere and public facilities

b. Legal limits as to permissible contamination (feasibility of
compliance)

c. Integration of plant emergency program with disaster planning
of local, state and federal agencies


